Seven ureaplasma strains isolated from the oropharynx of chickens (Gallus gallus var. domesticus) were characterized and compared with the two previously described species of this genus, Ureaplasma urealyticum from humans and Ureaplasma diversum from cattle. The avian isolates were found to have similar biological, biochemical, serological, and genomic properties and were readily distinguished from the two previously described species. These avian ureaplasma strains have been reported to hydrolyze urea, but not to catabolize arginine or glucose; they lack a cell wall, pass through a 450-nm membrane filter, require cholesterol for growth, and form minute colonies (15 to 60 pm) on agar medium. The seven avian strains constitute a homogeneous group based on their antigenic properties as determined by the metabolism and growth inhibition tests and by protein composition analysis by sodium dodecyl sulfate-polyacrylamide gel electrophoresis. On the basis of these findings, we propose that ureaplasmas with these characteristics belong to a new species, Ureaplusmu gullorale, with strain D6-1 (= ATCC 43346 = NCTC 11707) as the type strain.
other animal ureaplasmas used for comparative studies (7) (8) (9) (15) (16) (17) (18) . All seven avian strains were cloned three times by using the procedures described previously (18) . Strain D6-lT was deposited in the American Type Culture Collection as strain ATCC 43346T and in the National Collection of Type Cultures as strain NCTC 11707T.
Culture media. Media for cultivation of ureaplasmas have been described previously (18) . The liquid medium (T-broth) was composed of 70 ml of PPLO broth (Difco Laboratories, Detroit, Mich.), 20 ml of horse serum, 10 ml of 25% (wthol) yeast extract (Nitten Co., Tokyo, Japan), 1 ml of a solution containing 100,000 U of penicillin G per ml, 1 ml of 2.5% thallium acetate, 0.5 ml of 10% urea, and 0.002% phenol red; the pH was adjusted to 6.0 5 0.2 by using 1 N hydrochloric acid. The solid medium (T-agar) consisted of the same ingredients except that 2.5 ml of phosphate buffer (1.5 M KH2P04 and 1.5 M Na2HP04, 7:3) and 1.2% Special Agar Noble (Difco) were added, the phenol red was omitted, and the pH was adjusted to 6.5. Broth cultures were incubated aerobically at 37"C, whereas inoculated solid medium was incubated at 37°C under an atmosphere of 90% N2 and 10% co2.
Morphology and ultrastructure. Cells collected by centrifugation at 20,000 x g for 1 h (Hitachi model 20PR centrifuge) from broth cultures were stained with Gram stain and examined by light microscopy. For electron microscopy (Hitachi model HU-12 electron microscope) of ultrathin sections, pelleted cells obtained by centrifugation at 20,000 x g for 1 h were fixed with phosphate-buffered glutaraldehyde and stained with uranyl acetate and lead citrate (18) .
Reversion studies. Each avian ureaplasma strain was serially subcultured three times in broth medium without antimicrobial agents, inoculated onto antimicrobial agent-free solid medium, and observed for the morphological appearance of colonies (18) .
Filtration studies. Overnight broth cultures of avian strains D6-lT and T9-1 were passed in sequence through sterile membrane filters with average pore diameters of 800, 450, 200, and 100 nm (Millipore Corp., Bedford, Mass.) with Y4-2, Y8-1 T9-1 G3V-A, GlOV, G39V-B G1, G3 1161#1, 1659#3, 1655#1, 1692A, 1662#1 596, 888, 823, 624, 961, 861, 854, 1202 Japan (Tokyo University) Japan (Tokyo University) Japan (Tokyo University) Japan (Tokyo University) Japan (Tokyo University) England England England Japan (Tokyo University) United States Japan (Tokyo University) Some of these strains were used in previous studies [3] [4] [5] [6] [7] [8] [9] [10] [16] [17] [18] [19] gentle pressure. The titers of the ureaplasmas in filtrates were determined by inoculating the filtrates into broth medium and were expressed as the number of color-changing units (CCU) per milliliter.
Sterol requirement. The growth response of ureaplasma strain D6-lT to cholesterol was determined by a technique that was modified slightly from the recommended direct broth culture method (24). Twelve flasks of base medium (T-broth devoid of horse serum) were enriched with various supplements (bovine albumin fraction V, palmitic acid, cholesterol, PPLO serum fraction, horse serum) to give the final concentrations shown in Table 2 . The inoculum was prepared by centrifuging a culture of test strain D6-lT grown in 50 ml of T-broth at 20,000 x g for 30 min and then suspending the sediment in 5 ml of base medium (lo6 CCU/ml). Each medium preparation was then distributed into a series of eight test tubes (1.8 ml per tube). The first tube was inoculated with 0.2 ml of the test inoculum, and serial 10-fold dilutions were made up to a dilution. The tubes were incubated aerobically at 37°C for several days. Endpoints of growth were determined by examining tubes for color change in the broth. The last tube showing this change was recorded as the number of CCU of the organisms per milliliter.
The seven avian ureaplasma strains were also examined to determine whether growth on agar medium was inhibited by disks containing a 1.5% (wt/vol) ethanolic solution of digitonin (4).
Biochemical tests. The ability to catabolize urea and arginine was examined in broth cultures by inoculating strains into broth medium containing either 0.05% urea or 0.5% arginine and into broth medium without urea and arginine. The inoculated broth media and uninoculated controls were incubated at 37°C and observed over a period of 2 weeks for alkaline color change, indicating catabolism of either compound. The ability to ferment glucose was examined in broth medium containing 0.5% glucose.
Serological tests. Preparation of antigens for immunizing a Serum-free base medium alone. Base medium supplemented with 0.5% bovine albumin fraction V and 10 pg of palmitic acid per ml. VOL. 37, 1987 UREAPLASMA GALLORALE SP. NOV. 335
FIG.
1. Colonies of avian ureaplasma strain D6-lT on agar medium. The culture was incubated for 3 days at 37°C under 90% NrlO% COz. Bar = 100 pm. rabbits and preparation of antisera for serological tests have been described previously (18) . The avian strains were compared with 14 strains of U . urealyticum and three strains of U . diversum by using the metabolism inhibition (MI) (22) and growth inhibition (GI) (1) test procedures.
Polyacrylamide gel electrophoretic patterns. The sodium dodecyl sulfate (SDS)-polyacrylamide gel electrophoresis patterns of ureaplasma cellular proteins were determined as follows. Cells were grown in broth medium overnight at 37"C, harvested by centrifugation at 20,000 x g for 1 h, and washed in phosphate-buffered saline (pH 7.2). Proteins were solubilized with SDS by using the method of Daniels and Meddins (3) . Briefly, the washed cells were suspended in TE buffer (7), diluted 1:l with a solution containing 2% SDS, 5% 2-mercaptoethanol, and 20% glycerol, and then boiled for 3 min. Electrophoresis was performed on 10% polyacrylamide gel slabs by using the Laemmli method (19) .
RESULTS

Growth characteristics.
The optimum pH for growth of strains D6-lT and T9-1 was determined by inoculating lo2 to lo3 CCU into broth media with the pH adjusted to values varying by 0.5 pH unit from pH 5.0 to 8.0. Growth was observed within 1 day in broth media at pH 6.0 to 7.0. No growth was observed in broth media at pH 5.0 or 8.0. Colonies grown on agar medium had a fried egg appearance and measured about 15 to 60 km in diameter (Fig. 1) .
Cell morphology and ultrastructure. Smears prepared from sedimented broth cultures of strain D6-lT and stained with Gram stain showed gram-negative round or coccobacillary organisms. Electron microscopic examination of thin sections of the cell pellets revealed pleomorphic organisms with a unit membrane and no evidence of a cell wall outside the membrane (Fig. 2) . At higher magnifications, the membrane appeared to be a three-layer unit structure.
Reversion studies. None of the avian strains showed reversion to the bacterial form when they were serially subcultured in antimicrobial agent-free broth and agar media (18) .
Filtration studies. Avian strains D6-lT and T9-1 passed through Millipore membrane filters with pore sizes of 450 nm or greater but failed to pass through filters with pore sizes of 200 nm or less (18) .
Sterol requirement. The growth responses of strain D6-lT to cholesterol and to various supplements added to the base medium are shown in Table 2 . Little growth was apparent in the serum-free base medium, in base medium containing supplements of albumin fraction and palmitic acid, or in base medium containing various levels of cholesterol only, but marginal growth occurred when both cholesterol and the other supplements were incorporated into the base medium. However, significantly increased multiplication was observed when 1% PPLO serum fraction or 15% horse serum was added to the base medium, thus confirming the requirement for serum.
Growth on agar medium of all seven avian ureaplasma strains used was inhibited by 1.5% digitonin when the disk test procedure was used (18) . The inhibition zones around the disks with digitonin ranged from 5 to 10 mm. No inhibition of growth was seen adjacent to disks lacking digitonin.
Biochemical characteristics. All seven avian ureaplasma strains produced a slight alkaline color change with a corresponding rise in pH from 6.3 to 6.7 in broth medium without added urea. In broth medium containing 0.05% urea, there was a marked alkaline color change and a rise in pH from 6.3 to 7.8, indicating that the urea was hydrolyzed. There was no evidence for arginine hydrolysis or glucose fermentation in broth medium without added urea.
Serological properties. The seven avian ureaplasma strains did not react with the hyperimmune sera prepared against the three bovine U . diversum serovars or the eight human U . urealyticum serovars in either the MI tests (Table 3) or the GI tests (data not shown). Conversely, the hyperimmune sera prepared against the three representative avian ureaplasma strains (strains D6-lT, Y8-1, and T9-1) reacted with the seven avian strains in high titers (range, 320 to 10,240) but not with the 3 bovine and 14 human ureaplasma serotype strains in the MI test (Table 3) . Similar results were obtained in the GI test (data not shown). All of the avian strains were inhibited in growth (with inhibitory zones ranging from 3 to 5 mm) by immune sera prepared against the representative avian strains.
Cell proteins and antigenic determinants. The electrophoretic patterns of the six avian strains were similar to each other but distinct from the patterns of the three bovine strains and human strain T960T (Fig. 3) . The electrophoretic pattern of avian type strain D6-1 was distinct from the patterns of the 14 human serotype strains (data not shown). A common band at approximately 55 kilodaltons (kDa) was seen in the protein patterns of all avian, bovine, and human ureaplasmas. 
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DISCUSSION
In this report we summarize the morphological, biological, biochemical, serological, and genomic properties of seven ureaplasma strains isolated from the oropharynx of chickens. These strains showed no evidence of a cell wall by electron microscopy, were filterable through 450-nm filters, were resistant to solutions containing 1,000 U of penicillin per ml and 0.025% thallium acetate, and required cholesterol for growth. They hydrolyzed urea but not arginine, did not ferment glucose, showed optimal growth at pH 6.0 to 7.0, and produced tiny typical colonies on agar medium (Table  4) .
There was no evidence of antigenic relationship between the avian ureaplasma strains and the type or reference strains of the 14 serovars of U . urealyticum or the 3 serovars of U . diversum. The seven avian ureaplasmas consisted of a single serological group, as determined by MI tests (titer range, 320 to 10,240) and by GI tests (inhibitory zone range, 3 to 5 mm). Thus, although there was some serological heterogeneity among the avian strains, this heterogeneity was far less than that seen among the 14 human serovars or the 3 bovine serovars in the previously described Ureaplasma species. The seven avian strains had four distinct polypeptides (76,47,25, and 22 kDa) which were not seen in the bovine and human Ureaplasma species (7). However, the avian, bovine, and human strains did share a common 55-kDa polypeptide (7). The presence of a common antigen among the previously described bovine and human Ureaplasma species and unclassified avian ureaplasmas was not evident from the MI and GI tests. Studies are in progress to determine whether the 55-kDa polypeptide has urease activity. The SDS-polyacrylamide gel electrophoresis patterns of the avian ureaplasma polypeptides were similar to each other but distinct from those of the bovine and human Ureaplasma species (7). We have shown previously that the avian strains are serologically distinct from the unclassified serogroups of simian, caprine, ovine, canine, and feline origins, as well as from the type strains of the previously described human and bovine Ureaplasma species (15, 16).
The guanine-plus-cytosine content of the DNA of the avian ureaplasma has been shown to be 27.6 mol% (8); this value is distinct from the values obtained for the type strains of U . diversum (12) but falls within the range of guanineplus-cytosine contents for reference or type strains of ureaplasmas from other animal species, including U . urealyticum, which have been reported to be between 26.9 and 31.6 mol% (2, 13) , and the values for mycoplasma species (23) .
The deoxyribonucleic acid (DN A)-DNA hybridization data (7) indicate that the seven avian ureaplasmas belong to a genomically similar cluster and are genomically unrelated to the two previously described Ureaplusma species, U . urealyticum and U . diversum. We have reported that the level of DNA relatedness between the type strains of U . urealyticum and U . diversum is between 18.5 and 21.0% and that the levels of homology between the seven avian ureaplasmas and U . urealyticum or U . diversum are between 18.5 and 27.3% (7). Although the levels of DNA-DNA homology among the seven avian ureaplasma strains ranged from 50 to 95%, strains isolated from birds in the same flock showed the highest levels of relatedness. For example, strains D6-lT and D23 (Leghorn chickens, flock D) had 88% homology, strains F2-1 and F5 (Japanese bantam, flock F) had 86% homology, and strains Y4-2 and Y8-1 (Leghorn chickens, flock Y) had 96% homology. These findings reinforce the close genomic relatedness among strains isolated from the same type of birds maintained in the same flock (7). VOL. 37, 1987 UREAPLASMA GALLORALE SP. Mycoplasmology, 185, 1986). The phenotypic and genomic properties of avian ureaplasmas are summarized in Table 5 .
We have reported previously that the avian ureaplasma strains do not produce evidence of disease in experimentally inoculated chickens (15). We continued our studies to determine the prevalence of ureaplasma colonization of chickens in Japan, and we found that ureaplasmas were readily isolated from an additional 110 (22.6%) of 486 apparently healthy chickens in 31 different flocks located in nine separate prefectures in Japan (21) . Eleven cloned strains from these isolates were shown to be serologically similar to each other and to be related to avian type strain D6-1 (21) .
Thus, the combined data from the morphological, biological, biochemical, and serological analyses, the SDSpolyacrylamide gel electrophoresis patterns of the cellular proteins, the DNA cleavage patterns (7), and the DNA-DNA hybridization data (7) indicate that the seven avian urea- diversum, and merit species designation. We propose that these avian strains be designated Ureaplasma gallorule (gal. lo. ra'le. L. n. gallus, a barnyard fowl; orale, relating to the mouth; N. L. neut. adj. galforale, relating to mouth of barnyard fowl). A cloned line of strain D6-1, the type strain of this species, has been deposited in the American Type Culture Collection as strain ATCC 43346 and in the National Collection of Type Cultures as strain NCTC 11707. U. urealyticum and U . diversum; 55-kDa polypeptide common to human and bovine strains Similar to each other, distinct from U. urealyticurn and U . diversum; four distinct polypeptides (22, 25, 47 , and 76 kDa) 27.6 mol%; distinct from U . diversum (28.7 to 30.2 mol%) ; within the range of U . urealyticum (26.9 to 27.8 mol%) and other animal ureaplasmas (27.1 to 3 1.6 mol%) Similar to each other, distinct from U. urealyticum and U . diversum Single cluster; 51 to 100% homology among avian strains; 19 to 27% homology to U. urealyticum and U . diversum
